Background/Aim. Plant poliphenols are well known to show antimutagenic,
Introduction
Horseradish (Armoracia rusticana, G. Gaertn, B. Mey. and Scherb.) is perennial plant from Brassicaceae family that is cultivated for its aromatic, fleshy root. Horseradish root possess intense and opulent taste that produce feeling of cooling during consumption due to the presence of sulfur compounds called glucosinolates (GSLs) [1] [2] [3] [4] . Epidemiological and pharmacological studies have shown that GSLs and their degradation products isothiocyanates (ITC), may reduce the risk of developing cancer in humans 5 . The most commonly found natural ITC is alil-isotiocyanate (AITC) i.e. ″″burning oil″″ 6 that is derived from sinigrin -GSL abundant in Brassicaceae family especially in mustard, horseradish and wasabi 7 . Agneta and associates detected 16 different glucosinolates in horseradish juice 8 .
Plant poliphenols are well known to show biological and pharmacological activity, such as antimutagenic, anticarcinogenic, antiviral and antioxidative 9 . Phenolic acids (chlorogenic, caffeic, and ferulic), flavonoids (quercetin, genistein, catechins, isoflavones), quinones, coumarins, stilbenes, curcuminoids and lignans possess potent antioxidant and also anticarcinogenic and antimutagenic activities [10] [11] [12] [13] [14] . Over 20 phenolic compounds have been identified in some varieties of the Brasicaceae family, which include kale, curly kale, white and black cabbage, cauliflower and tronchuda cabbage 15, 16 . The most important phenolic compounds in Brassica species are flavonoid glycosides, such as glycosides of kaempferol and quercetin, and their derivatives hydroxycinnamic and sinapic acid 17, 18 .
Phenolic acids, among them gallic, protocatechuic, p-hydroxybenzoic, vanillic, syringic, salicylic, p-coumaric, caffeic, ferulic and sinapic acid were identified in the kale (Brassica oleracea var. Acephala) 19 . On the other hand, little is known about the poliphenolic composition of the horseradish. Based on earlier research Armoracia rustucana contains a small amount of flavonoids, mainly kaempferol and quercetin 20 . Cirimbei and associates demonstrated great potential of the aqueous plant extract from A. rusticana and its main flavonoids, kaemferol and quercetin, to protect DNA from damage induced on human lymphocytes by the oxidative agent hydrogen peroxide 21 .
In order to gain insight into its bioactive potential present study focused on the evaluation of Armoracia rusticana root juice and extracts: (1) their polyphenol content, and (2) in vitro antitumor activity and (3) cell-death mechanism using mammalian cell lines. To the best of our knowledge this is the first study evaluating (1) sequential horseradish root extracts as well as (2) horseradish root juce.
Methods

Chemicals and standards
Reference standards of ≥≥ 98% purity were purchased from Sigma Chemical Co. (St.
Louis, MO, USA). All used chemicals and solvents were of p.a. purity grade and were Eight horseradish extracts from pulp i.e. E1 (dichloromethane), E2 (chloroform), E7
(water) and E8 (n-butanol) and from juice E3 (dichloromethane), E4 (chloroform), E5
(water) and E6 (butanol) as well as horseradish juice J9 were used to examine chemical composition, in vitro antiproliferative and cell death activity.
Identification and quantification of phenolic acids and flavonoids by HPLC method
Horseradish root extracts and juice were analyzed using an Shimadzu Prominence 
Preparation of samples
Extracts were dissolved and further diluted in DMSO (to obtain five working concentration) and culture medium (1 μ⎧L of working concentration + 199 μ⎧L of culture medium; a=200) to achieve required final concentrations. Ranges of final concentrations of extracts depended on extract yealds and were in the range from 0.0625 -1 mg/mL. Final concentration of DMSO in the samples was ≤ 0.05 % (v⁄v).
Horseradish root juice was diluted in 0.9 % NaCl to obtain four adittional working dilutions and further in culture medium (1 μ⎧L of working concentration +199 μ⎧L of culture medium; a=200) to achieve final dilutions in the range from 200-3200. The final concentrations of juice dilutions were in the range from 0.12 -19.33 mg/mL, calculated on dry weight of juice (concentration of horseradish juice was 385.80 mg/mL).
Sulforhodamine B (SRB) assay
Cell lines were harvested and plated into 96-well microtiter plates (Sarstedt, Newton, NC, USA) at seeding density of 4-8x10 3 cells per well, in a volume of 199 µL, and preincubated in complete medium supplemented with 5 % FCS, at 37 ºC for 24 h. Working concentrations of juice, extracts or solvents (1 µL) were added to the test and control wells.
Microplates were then incubated at 37 ºC for an additional 48 h. Cell growth was evaluated by the colorimetric SRB assay, according to previously described procedure 24 .
Absorbance was measured on a microplate reader (Multiscan Ascent, Labsystems) at 540 ⁄ 620 nm. Cell growth activity was expressed as a percent of the control and calculated as At⁄Ac x 100 (%), where At is the absorbance of the test sample and Ac is the absorbance of the control. The concentration-cell growth (dose effect) curves were drawn for each treatment and IC50 values (concentration that inhibit cell growth by 50%) were determined, using OriginPro 8 SRO (Origin-Lab Corporation, Northampton, USA).
In order to identify selectivity towards tumor cells compared to healthy tissue nontumor/tumor IC50 ratios were calculated as NT/T =IC50 MRC-5 /IC50 repective tumor cell line for extracts and as 1/NT/T for juice 25 .
Cell death detection
Apoptosis and necrosis were detected using the Cell Death Detection ELISA PLUS kit (Roche, Version 11.0). Cell death detection was performed in HeLa, MCF7 and HT-29 cell lines using the most active extracts from cell growth experiments (E4 and J9), according to previously described procedure 25 . Depending on the cell line used concentrations of extracts were 10 µg/mL (E4 in HeLa and MCF7) and 20 µg/mL (E4 in HT-29), while juice dillutions were a=20 (J9 in HeLa and HT-29) for the 2 h exposition time.
Respective enrichment factors (ef) for apoptosis and necrosis (efA and efN) were calculated as ef=test/control using average absorbance-blank values for each sample and control 25 . From these values apoptosis/necrosis ratios were calculated indicating that apoptosis is dominant mode of cell death if efA/efN>1 or that necrosis is dominant mode of cell death if efA/efN<1.
Statistical analysis
Cell growth experiments were carried out in at least four repetitions (n=4).
Enrichment factors in cell death experiments were calculated using average absorbanceblank values (n=2) from pooled quadruplicates (n=4) for each sample and control. Results were expressed as mean ± standard deviation (SD). A comparison of the group means and the significance between the groups were verified by one-way ANOVA. Statistical significance was set at p < 0.05.
Results
Polyphenolic compounds in Armoracia rusticana root juice and extracts
Major polyphenolic compounds present in investigated horseradish root juice and extracts were identified and quantified by HPLC analysis. Phenolic acids (gallic, protocatechuic, caffeic, ferulic, isoferulic, chlorogenic, p-hydroxybenzoic, p-coumaric, syringic, and synapic acid) and flavonoids (catechin, epicatechin, quercetin, kaempferol, luteolin, apigenin and isorhamnetin) were identified by matching their retention times (RT) and on-line ultraviolet (UV) spectra with those of standards. The content of total and individual phenolic compounds, quantified at 280, 330 or 360 nm, depending on their maximal response, werewas listed in Table 1 . Catechin (flavan-3-ol) was detected at relatively high levels in all samples (0.75 -33.17 mg/g), where E1 had the highest catechin content. Besides that, E1 had the highest content of p-hydroxybenzoic (6.68 mg/g), syringic (3.65 mg/g) and gallic acid (3.34 mg/g), while E3 had the highest content of epicatechin (2.80 mg/g). The horseradish juice J9 contained mostly catechin and gallic acid.
Horseradish extracts obtained from juice contained higher concentrations of epicatechin, ferulic and chlorogenic acid (dichloromethane); ferulic, isoferulic, p-coumaric acid and quercetin (chloroform); protocatehuic, syringic, chlorogenic, isoferulic acid and quercetin (n-butanol); and catechin, epicatechin, gallic and p-hydroxybenzoic acid (water) compared to extracts obtained from pulp.
In vitro antiproliferative activity
Obtained results revealed strong and non-selective antiproliferative activity of horseradish root extracts E4, E2, E3 and E1 and root juice J9 -highest being towards liver, breast and lung tissue cells (Table 2) . Table 2 ).
Higher antiproliferative activity of chloroform (E4), and n-butanol juice (E6) extracts was achieved compared to same extracts obtained from pulp (Table 2 ).
In order to identify selectivity towards tumor cells compared to healthy tissue nontumor/tumor ratios were calculated as NT/T for extracts and 1/NT/T for juice 25 (Table 3) .
Majority of extracts and juice demonstrated non-favourable (≤≤1) NT/T and 1/NT/T ratios indicating higher antiproliferative affinity towards healthy tissue. Most favourable (>1) ratios were obtained in rat hepatoma cells using extracts E4 (NT/T H-4-II-E =2.03) and E1 (NT/T H-4-II-E =1.63), breast adenocarcinoma cells using E6 (NT/T MCF7 =1.64) and cervix carcinoma cells using juice J9 (1/NT/T HeLa =1.18) indicating higher cell growth inhibition affinity towards tumor compared to healthy cells (Table 3 ).
In vitro cell death detection
In cervix carcinoma (HeLa) and colon adenocarcinoma cells (HT-29) horseradish juice J9 induced significant levels of apoptosis (efA=2.59-4.73) compared to control, but also significant levels of necrosis (efN=2.75-4.43) resulting in low efA/efN ratios (efA/efN =0.94-1.07; Table 4 ). In cervix carcinoma (HeLa), breast (MCF7) and colon (HT-29) adenocarcinoma cells extract E4 induced low levels of apoptosis (efA=0.74-1) compared to control, but significant levels of necrosis (efN=1-4.5) resulting in low efA/efN ratios (efA/efN =0.22-0.74; Table 5 ).
Higher induction of necrosis was observed using juice extract E4 compared to horseradish juice J9 (Table 5) .
Discusion
Earlier reports demonstrated that the methanol-aqueous extract of horseradish root was rich in polyphenols: malic acid, gallic acid, ferulic acid and epigallocatechin-3-gallate. The most abundant compound of the extract was allylisothiocyanate 26 . Herz et al. showed that prominent compounds in the aqueous extract from horseradish root were the amino acids arginine and proline, citric acid, phenolic compounds (caffeic acid and kaempherol derivatives), the main glucosinolates, 2-propenyl-GLS and 3-methylsulfinyl-propyl-GLS, and fatty acid derivatives were determined spectrophotometrically were: 1.80 ± 0.17, 2.36 ± 0.14 and 2.61 ± 0.20 mg/g DW, respectively 29 . Similar results were presented in Tomsone et al. study where total phenolics in horseradish roots extracts obtained by convectional and Soxhlet extraction ranged from 334.29 mg GAE/100 g DW to 985.87 mg GAE/100 g DW depending on solvents used 30 . The differences in total polyphenolics comparing HPLC and FolinCiocalteau method could be explained by the fact that spectrophotometric method is not an absolute measurement of the amount of phenolics, because some other substances such as organic acids, residual sugars, amino acids, proteins and other hydrophilic compounds interfere with this assay. Also, different classes of phenolic contribute to different extents to the absorbance produced by reaction with the Folin-Ciocalteau reagent when compared to gallic acid 31 .
Antioxidative activity of phenolic acids is based on scavenging of reactive electrophiles and oxygen radicals 32 . Proposed mechanism by wich phenolic acids induce apoptosis in tumor cells is by activation of proapoptotic factors 33 . Anticancerogenic activity of flavonols is partially due to their antioxidative activity, since it has been shown that quercetin and kaempferol increase intracelular levels of natural antioxidant glutathion 34 .
In this study, antiproliferative activity of extracts and juice horseradish root in cancer cell lines were evaluated. All extracts and juice contained catechin and gallic acid ( Table 1) .
As confirmed by previous research (based on IC50 values) among twenty-four evaluated flavonoids and phenolic acids kaempferol > gallic acid > quercetin > caffeic acid (in this order of activity) had most prominent antiproliferative activity 35 . Numerous studies have shown that gallic acid exhibit antitumor and antiproliferative activity toward many types of human cancer cells 36 , such as human cervix cacinoma 37 , prostate cancer, and lung cancer 38 . On the other hand catechin, epicatechin, p-coumaric acid, p-hydroxybenzoic, protocatechuic, syringic, sinapic, chlorogenic and ferulic acids had no significant cell growth activity 35 .
Extracts E4 (chloroform from juice) and E2 (chloroform from pulp) that showed highest antiproliferative activity contained similar classes of polyphenols but in lower concentrations compared to E1 (dichloromethane from pulp) that had widest range and highest concentrations of poliphenols. Higher activity of extracts E4 and E2 compared to E1 can be atributed to kaempferol, one of the flavonoids with most potent antiproliferative activity 35 , while higher activity of extract E4 compared to E2 can be explained by additional presence of isorhamnetin (Table 1 ) with proven powerfull antiproliferative activity -even higher than activity of kaempferol, quercetin or gallic acid (based on IC50 values) 39 .
Kaempferol exerted a dose-dependent reduction in cell viabillity and DNA synthesis on human lang lung cancer cell line A549 at different doses from 0-70 µM 40 .Due to their non-polar nature (chloroform) it is highly unlikely that extracts E4 and E2 contained or that their activity can be attributed to isothiocyanates or sinigrin. Due to their more polar nature (dichloromethane) activity of extracts E3 and E1 can be attributedto activities of detected polyphenols as well as isothiocyanates and sinigrin.
Both water extracts E5 (from juice) and E7 (from pulp) showed lowest antiproliferative activity, confirming that extraction of active components occured in earlier steps of extraction (in chloroform, dichloromethane and n-butanol extracts).
High and non-selective cell growth activity of horseradish root juice towards all evaluated cell lines was achived due to high mass concentration of juice (385.80 mg/mL; based on dry weight of the juice). Evaluated ranges of concentrations of extracts depended on extract yealds and were from 0.0625 -1 mg/mL. On the other hand, final concentration of juice was in the range from 0.12 -19.33 mg/mL. This was almost 20 fold higher compared to extracts. When activity of extracts and juice was compared using IC50 values it was clear that highest activity of juice (IC50 HeLa =241.72 µg/mL), that could only be attributed to gallic acid (Table 1) was from 8-70 fold lower compared to most potent extracts (E1-E4; Table 2 ).
Results in this study indicate unfavorable, high horseradish juice J9 and extract E4 potential to induce necrotic cell death of tumor cells with possible concenquence of simultaneous damage to adjactent healthy tissue (that follow necrosis). Further investigation of active components should pinpoint ones with more favourable apoptosis/necrosis inducing activities.
Conclusion
The highest and non-selective in vitro antiproliferative activity of chloroform and dichloromethane extracts and juice of horseradish root was detected, with necrosis as a main mechanism of induced cell death. Chloroform extracts showed high antiproliferative activity most likely due to presence of kaempferol, while highest activity of chloroform extract from juice can be explained by additional presence of isorhamnetin. Due to more polar nature of dichloromethane, activity of these extracts that was lower compared to activity of non-polar extracts could be attributed to detected polyphenols as well as to isothiocyanates and/or sinigrin. In order to utilize horseradish root bioactive potential further investigations that will pinpoint active components with more favourable apoptosis/necrosis inducing properties are needed. Pulp extracts: E1 -dichloromethane; E2 -chloroform; E7 -water; E8 -n-butanol. Juice extracts: E3 -dichloromethane; E4 -chloroform; E5 -water; E6 -n-butanol. Juice: J9 Table 2 Cell growth effects after 48 h exposure to horseradish extracts and juice (SRB test) Pulp extracts: E1 -dichloromethane; E2 -chloroform; E7 -water; E8 -n-butanol. Juice extracts: E3 -dichloromethane; E4 -chloroform; E5 -water; E6 -n-butanol. Juice: J9 Table 3 Non 
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